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Introduction
Although the acute phase of the European debt crisis has overcome for the time being, the crisis has revealed serious deficiencies and risks on a proper functioning of the monetary union. While some progress has been made to strengthen policy instruments, the euro area institutions still show huge deficits. The responses to the crisis, especially those of the ECB, have bought additional time but did not solve the underlying problems. Government debt is still at high levels. Bailout expectations continue to weaken market based fiscal discipline. Against this backdrop, early warning systems are of crucial importance. In fact, the timely detection of imbalances can ensure preemptive policy responses. For instance, the EU Commission (2011) constructed a scoreboard based on 14 headline and 25 auxiliary indicators.
If robust signals can be extracted, measures for the correction of unsustainable public debt levels could be undertaken well in advance, for instance, through a restructuring of government debt. For profound policy advice, the signals should be reliable, as false alarms can imply losses in economic wealth. For robustness, different approaches are used to uncover the most relevant variables for the early detection of imbalances.
The paper is structured as follows. The next section discusses alternative methods to identify periods of excessive government debt. Section 3 presents the forecasting methods used in the analysis. Construction principles for early warning systems are derived in section 4. Finally, section 5 concludes.
Periods of excessive government debt
The first step to construct an early warning system is to derive a chronology for the periods of excessive government debt. Three approaches are employed to identify the debt crises, based on the government debt to GDP ratio: 1) explosive roots tests of Phillips et al. (2015) ; 2) the approach used by Dreger and Reimers (2013) ; and 3) a policy approach.
The first method determines multiple debt crises based on the explosive root tests of the debt-to-GDP ratio. Against the null hypothesis of a random walk the alternative of an explosive behavior is tested. The test is based on the rolling regression model:
where y t is the variable to be tested for explosive roots; k is the lag order; α, β, and φ are parameters to be estimated; and ε t is the disturbance term. The sample of this rolling-window regression starts from the r 1 th fraction and ends at the r 2 th fraction of the total sample (T), where r 2 = r 1 + r w and r w > 0 is the (fractional) window size of the regression. Based on this regression, an augmented Dickey-Fuller (ADF) test is conducted on a forward expanding sample sequence. The window size, r w , expands recursively from r 0 to 1; where r 0 is the smallest and 1 is the largest window width fraction, which corresponds to the total sample size. The starting point r 1 of the sample sequence is fixed at 0. The end of each sample (r 2 ) equals r w , and changes from r 0 to 1. The test of Phillips et al. (2015) is then the supremum value of this ADF statistic sequence:
(2) 
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Dividing the relationship by nominal GDP (Y) one obtains the public balance to GDP ratio, i.e.
Differentiating the debt-to-GDP ratio with respect to time and rearranging
where p is the primary deficit to GDP ratio, y the growth rate of nominal output and d the debt-to-GDP ratio. Finally, institutional arrangements are considered to determine the threshold value (naïve chronology). For the debt-to-GDP ratio, 60 percent (Maastricht criterion) and 90 percent are used. Debt will be harmful for the economic development, if debt ratio exceeds these bounds.
Forecasting methods
The second step to construct an early warning system is to implement models to explain the chronology. To assess the quality of forecasts, the Cramer (1999) measure is used: Logit models are widely used to detect and predict economic recessions, currency crises, and speculative movements in financial markets. They determine the sign and significance of the impact of the relevant predictors.
As debt crises are infrequent events, the logit model is more adequate compared to the probit approach, as stressed in Kumar et al. (2003) . The logit regression can be formulated as:
where Pr(•) is the conditional probability of a crisis for the reference chronology; X it is a predictor variable; F(•) is the logistic cumulative probability function; ε it is the disturbance term; N the number of countries; and T is the number of time periods. The logit model is investigated for panel data.
Fixed effects are accounted for by subtracting from all the variables their within-group means. Then, the pooled logit estimation is applied to the demeaned data.
Logit models are specified for each predictor separately. They include a constant and the lags of the predictor up to a maximum of 4 periods. The smallest model includes a constant and the contemporaneous value of the predictor, while the largest model includes the constant and all the four lags of the predictor. The model specification with the highest Cramer measure is chosen for the predictor under consideration.
In addition, the performance for forecast combinations is evaluated. In fact, the predictive power of combinations often exceeds that of the individual forecasts, since structural breaks may cancel out in the aggregate. To test whether some pre-selection of individual forecasts might be advisable, a combination of all models is compared to a combination of the best models.
The latter are based on the out-of-sample performance of the individual predictors and includes only the best predictors with a Cramer measure exceeding 0.1.
Constructing early warning systems
Early warning systems to detect future crises developments in government debt are calibrated for 12 members of the euro area ( The variables are obtained at the quarterly frequency and reported by the OECD and Bloomberg databases, see Table 1 for the details.
- Table 1 about hereBy applying the different methodologies mentioned above, historical chronologies for excessive government debt can be derived ( Figure 1 ). Generally, the crises cannot be uniquely identified, as the respective periods only partially overlap. For instance, while a crisis is indicated for Germany after the unification, the evidence is missed by the naïve chronologies. The correlation of the chronologies obtained by the various approaches is positive, although far below unity ( Table 2 ). The lack of robustness of the chronology is a serious obstacle for the appropriate construction of early warning systems. As a rule, sound policy advice should be based on different specifications of the chronology. Figure 1 and Table 2 Table 3 and Table 4 respectively). Moreover, we report the predictive accuracy of the forecast combinations and a one quarter forecasting horizon (Table 5) 3 .
- Table 3 and Table 4 about here-- (2012), who state that most indicators are helpful in signaling the public debt crises.
Conclusions
The European debt crisis has revealed serious deficiencies and risks on a proper functioning of the monetary union. Against this backdrop, early warning systems are of crucial importance. In this study that focuses on euro area member states, the robustness of early warning systems is discussed to indicate crises of government debt. Robustness is captured via several dimensions, such as the chronology of past crises, econometric methods and the selection of indicators in forecast combinations. The crises chronology is developed by different methods. Furthermore, we distinguish between the signal and discrete-choice approach. Drawing on a large set of indicators, a horse race exercise is conducted for each predictor. In addition, a forecast combination is employed using different weighting schemes of the individual methods to find the most appropriate set of predictors for the early detection of imbalances.
The chosen approach is shown to be crucial for the results. Therefore, the construction of early warning systems should be based on a wide set of variables and methods to extract reliable conclusions. (1), 80-83. 
